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5 7  SEM of Infected Trachea, Day One 
p . i .  Ci l i a Show Disor ientat ion, Mucus 
Appears on the Tips of C i l ia . . . . . . . . . .  1 6 6  
5 8  TEM o f  Infected Trachea Showing 
Hypertrophy and Hyperplasia of Goblet 
Ce lls, Day One p . i . . . . . . . . . . . . . . . . . . . .  1 6 6  
59 SEM Show ing Hypertrophy Goblet Ce l l  
Extruding from the Epithe l i a l  
Surface, Day Two p . i . . . . . . . . . . . . . . . .  1 6 7  
6 0  SEM Showing Excess Mucous Forming 
Thin Cover on the Tips of Cilia, Day 
Two p .  i .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 7  
61 TEM Showing Hypertrophy of I n fected 
C i l iated Ce l l  with Appearance of 
Intranuclear Inclus ion Composed of 
Fine Granular and Filamentous 
Mater ia l, Day Two p . i  . . . . . . . . . . . . . . . . .  1 6 9  
6 2  TEM o f  Tracheal Epithe l ia l  Cel ls  
Showi ng Hypertrophy of In fected Nuc lei 
due to Diffuse I ntranuclear 
Inclus ion . Day Two p . i . . . . . . . . . . . . . . . .  1 6 9  
xvi 
63 SEM of Infected Tracheal Epithelium 
Showing Loss of Cilia  Expos ing the 
Surf ace of the Cel l ,  Day Three p . i . . .  1 7 0  
6 4  S EM Showing Hypertrophied Goblet 
Cel ls , Day Three p . i . . . . . . . . . . . . . . . . . .  1 7 0  
6 5  TEM Showing Intranuc lear E lectron 
Dens e Inclusions of the Epithelial  
Cel ls . Dec i l iation more Obvious , Day 
Three p .  1. . • . • • • • • • • • • • • • • • • • • • • • • • • • • 17 1 
6 6  S EM Showing Severe Dec i l iation . There 
are Numerous Microvi l lous-l ike 
Structures on Cel l  Surf ace , Day Four 
p . i . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 2  
6 7  SEM Showing Dec i l iated Ce l ls Profusely 
Covered with Short Proj ecti ons and 
Show Many Furrows , Day Four p . i . . . . . .  1 7 2  
68  SEM o f  I nfected Trachea Showing 
Rupture of Goblet Ce l l ,  Day Four p . i . .  17 4 
6 9  TEM Showing Intranuclear ( Thin Arrows ) 
and Intracytoplasmic ( Thick Arrows ) 
Inc lus ions of T�acheal Epithel ium , Day 
Four p .  i .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 4  
7 0  TEM of Infected Ch icken Trachea 
Showing Hyperplasia and Hypertrophy of 
Goblet Ce l ls with Marked Dec i l iation , 
Day Four p . i . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 5  
7 1  TEM Show ing Dec i l iation , Degenerat ion 
and Cytopla smic Vacuo lation of the 
Epithe l ia l  Ce l l  with Lymphocytes and 
Macrophages Infiltration, Day Four 
p . i . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . .  175 
7 2  S EM Showing Severe Dec i l iation with 
many Furrows , Day F ive p . i . . . . . . . . . . . .  1 7 6  
7 3  SEM Showing Complete Loss o f  C i l i a , 
Day Five p .  i .  a Few Tufts of  C i l i a 
Rema in ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 6 
7 4  S EM Show Excess Mucus f orm ing Blanket 
on Epithelial  Sur face , Day Five p . i . . .  1 7 7  
xvi i 
75 SEM Showing Thin Membrane of Mucous 
Covering the Deciliated and Ciliated 
Cel ls with Accumulation of Inf lammat­
ory Ce l ls with Degenerated Cel ls Near 
Hypertrophied Goblet Ce l l , Day Five 
p . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177 
76 TEM Showing sloughed-of f  Ciliated 
Cel ls with Intracel lular Fluid 
Accumu lation (Arrow) , Day Five p . i  . . . .  17 9 
77 TEM Show Loosely Attached Deciliated 
Epithelium with Macrophage 
Phagocytosed the Ciliated Cel l ,  Day 
Four p .  i .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 9 
7 8  TEM showing Fluid Accumulated Between 
the Desquamated Epithe lia l  Cel ls with 
Infiltration of Macrophages (M) , 
Heterophils (H) and Lymphocytes (L) , 
Day Five p .  i . . . . . . . . . . . . . .  . . ...... .. .. 180 
7 9  SEM showing Co lumnar Epithe lia l Ce l ls 
Separa ted From One Another , But Not 
from the Basement Membrane , Day six 
p . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 0  
8 0  SEM Showing Areas of Deciliation 
Covered with Pseudomembrane , Day six 
p . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 2  
8 1  SEM Showing Accumulation of Catarrha l 
Exudate on Trachea l Epithe lium , Day 
Six p . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 2  
8 2  TEM Showing complete Denuding of 
Cilia , Pseudodiphtheroid Membrane and 
Hyperp l asia of Submucosal Gland and 
Basa l Ce l ls ,  Day Six p . i  . . . . . . . . . .  1 83 
83 TEM Showing Accumulation of Fluid (F) 
Around the Post Capil lary Venule (V) , 
Macrophages(M) and Lymphocytes (L) 
Infiltrated Between the Epithe lia l 
and Subepithelia l Ce l ls ,  Day six 
p . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 3  
8 4  SEM Showing Complete Destruction o f  
Epithelia l Ce l l  Surface Exposing the 
Submucosa l Gland , Day Seven p . i  . . . . . . .  1 8 4  
xviii 
8 5  SEM Sh owing Aggr egati on of Lym ph ocytes 
an d Some RBCs on th e T rach e a l  
Epithe lium , Day Eight p.i . ........ . ... 1 8 5  
86 SEM Showing Tufts of Ci li a Attach ed to 
the Surface Epithelium. There Evidence 
of Squamous Metaplasi a ,  Day Seven 
p. l................................... 1 8 5  
87 TEM Showing Basa l C e l l s  cytoplasmi c  
Projecti ons in c ont act with Each 
Other . Plasmacytes ( P )  Present in the 
Vi ni city of Basal Cel ls , Day Seven 
p.l................................... 1 8 7  
8 8  TEM Showing Mast C e l l  (Arrow) with 
th ei r  El ectron Dense Cytoplasmi c  
Granules , Day Seven p.i . ...... . ....... 1 8 7  
8 9  SEM Showing Shred o f  Fibrin and 
Degenerat ed C e l l s  on the Surface 
Projecti ons , Day Eight p.i . . ... . .. . ... 1 8 8  
9 0  SEM Sh owing Hyperp lasia o f  Basal 
Cells with C l ear Regeneration of 
Ci li a , Day Eight p. l . . . . . . . ....... . . .  1 8 8  
9 1  SEM Showing Hyperp lasia of Ba sal C e l l s  
Fi l ling the Cavities in the Denuded 
Epith e lium , Day Eight p.i ... . . . ....... 1 8 9  
92 SEM of Infected Trach ea Show Signs of 
Regenerati on of Ci lia , Day Nine p.i ... 1 8 9  
9 3  S EM Showing Regenerated Ci lia and 
Microvi l li Covered the Epith eli a l  
C e l l s. Basal C e l l s  Sh ow Proli ferati on, 
Day Ten p. �. . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9  1 
9 4  SEM Showing Trachea l Epithelium Which 
Appeared N orma l with Extruding Goblet 
Cel ls , Day 12 p . i .. . ....... . . .... . .... 1 9 1  
9 5  SEM o f  I nfect ed Trachea , Day 12 p. i. 
Shows Comp l ete Recovery of C e l l s , with 
N orma l ly Arranged Ci lia ... . ..... . .. . .. 1 92 
96 SEM Showing Uni form C overage of 
Arranged Ci li a on the Trachea l 
Epith eli um, Day 14  p.i ..... . . . . . ...... 1 92 
xix 
97 SEM of Trachea Showing Regular Pattern 
of C i l i a . The Trachea Appeared Norma l ,  
Day 12 p . i . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 3  
9 8  SEM of Tracheal Epithel ium , Day 14 
p . i .  Resembled the Norma l Control 
Trachea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 94 
xx 
ACD 
AIV 
BHK-2 1 
CAM 
CEC 
CEF 
CPE 
CPI 
DDSA 
DMAE 
EDTA 
EID50 
EM 
ER 
FBS 
FPV 
H 
HA 
HAU 
HBSS 
HeLa cell  
H & E  
IAPI 
LIST OF ABBREVIATIONS 
Ac id citrate Dextrose 
Av ian I n f luenza Virus 
Baby Hamster Kidney-2 1 
Chor ioal lanto ic Membrane 
Ch ick Embryo Ce l l  
Ch icken Embryo F ibroblast 
Cytopathic Effect 
Contact Pathogenic ity I ndex 
Dodyceny le Succ inic Anhydr ide 
Dimethylaminoethanol 
Ethy lene Diamine Tetra-acetate 
F i fty percent Embryo In fecti ve Dose 
E l ectron Microscope 
Endop lasm i c  Ret i culum 
Foetal Bovine S erum 
Fowl Plague V irus 
Haemagg lut i nin 
Haemagg lut ina t i on 
Haemagg lut ina tion Unit 
Hank's Basa l Salt Solut i on 
Cervical Carcinoma Ce l l  
Hematoxy l in and Eos in 
I ntra -air sac Pathogenic ity I nd ex 
xxi 
I CPI 
IgA 
IP 
IMPI 
INPI 
I TPI 
IV 
IVPI 
L ce l l  
MDBK 
MOCK 
MDT 
MEM 
MK 
mRNA 
MP 
MW 
NA 
NOV 
NI 
NP 
N S l  
00 
ODD 
Intracerebra l Pathogenicity I ndex 
Immunoglobu l in A 
Immunoperox idase 
Intramuscu lar Pathogenicity I ndex 
I ntranasa l  Pathogen ic ity I ndex 
Intratrachea l Pathogenic ity I ndex 
Inf luenza Virus 
Intravenous Pathogen icity I ndex 
Adrena l Mouse Fibroblast 
Madin-Darby Bovine K idney 
Mad in-Darby Can ine K idney 
Mean Death Time2 
Minima l Essent i a l  Media8 
Monkey Kidney 
Messanger Ribonucleic Acid 
Matrix Protein 
Molecular Weight 
Neuram inidase 
Newcastle Di sease Virus 
Neuraminidase-Inhibition 
Nuc leoprote in 
Non-Structural Prote in 1 
Optica l Den s i ty 
Ortho-dianis idine 
xxi i  
PBSA 
PD 
PEG 
PFU 
pH 
pi  
PMV 
PTA 
RM 
RNA 
RNP 
rpm 
SEK 
SEM 
SV4 0 
TCID50  
TEM 
TEN 
ts 
UPM 
WHOEC 
W/V 
Phosphate Buf fered Sa line A 
Proportionate D istance 
Polyethyleneglyco l 
Plaque Forming un it 
Hydrogen- ion concentration 
Post i noculati on 
Paramyxoviruses 
Phosphotungstic Acid 
Mal ays ian Ringg it 
Ribonucleic Acid 
Ribonuc leoprotein 
Revo lus ions Per Minute 
swine Embryo Kidney 
Scanning Electron Mi croscope 
s imian Virus 4 0  
Fi fty Percent 
I nfective Dose 
Ti ssue Culture 
Transm iss ion El ectron Microscope 
Tris-EDTA-NaCl 
Temperature sensitive 
Univers i t i  Pertanian Mal ays i a  
World Hea lth Organi zat ion Expert 
Committee 
Weight / Volume 
xxi i i  
